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1. Absorption of CO2 by CaO. Fine powders of lime (100 gr.) were 
placed in dry COz and the change of weight was measured at 14°C. 
The results are given in Table 1. 


Table 1. 


|Timeindays! 1 3 5 9 17 30 50 96 150 222 302 | 


| 





meme wy Sa 0.305 1.115 1.457 2.048 2.272 2.332 2.378 2.470 2.694 3.130 3.618 | 


From the results it is clear, as it is ever said, that dry COz2 does not react 
with dry CaO, or the velocity is very small at common temperature. The 
initial change of weight might be caused by a lack of care in the experi- 
ment, namely the CaO might have absorbed some moisture during its 
weighing, or the COz gas might have contained a trace of water vapour, 
though it had been dried with sulphuric acid. 


The rapid decrease of the carbonation velocity will be due to the facts, 
that the carbonation takes place only on the surface of CaO, and its rate of 
proceeding inwards is very slow. Hence, if the surface is covered with 
CaCOs, the carbonation will practically cease. 


This will also be true in the case of carbonation of CaO at high tempera- 
tures. To confirm this the following experiment was carried out. 7.0473 Gr. 
of CaO was heated in a stream of dry CO: for 2.5 hours, the temperature 
being kept at 600°C., and 0.5302 gr. of COz was combined. The product 
was placed with untreated lime side by side, in an atmosphere which 
was saturated with water vapour at 50°C., and the rate of absorption of 
moisture was measured. At first the rate of absorption by the carbonated 
lime was exceedingly small. For example, the increase of weight of 
the carbonated lime was only 0.5% after 17 hours, while the untreated 
one increased 10.5%. But afterwards the rate increased more and more 
approaching to that of the untreated one. This fact shows that the car- 
bonated lime has a coating of CaCO, on its surface, and is protected from 
water vapour. But after a certain time the water adsorbed on the surface 
will reach the fresh part of lime by diffusion through the coating of CaCOs. 
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Quick lime with water changes to slaked lime with an increase of volume. 
Thus the crust of CaCO; is cracked off from the surface of lime and the 
slaking of quicklime proceeds more and more rapidly. 


2. Absorption of Moist CO. by Ca(OH): and its Velocity. Each 
10 gr. of Ca(OH)z, which had been kept in a saturated water vapour for 7 
days to absorb moisture, were placed in an atmosphere of a constant com- 
position of air and COz which was saturated with water vapour (the total 
pressure was equal tol atm.) at 14°C. and their increase of weight was 
measured after 2 hours. 


The results are shown in Table 2. 


Table 2. 


Absorption of moist COz by 10 gr. of moist Ca(OH) in 2 hours. 
Relation between increase of weight and conen. of COz. 


Concentration. C. oe | ” . - as - 7 
(vol. % of CO.) 1.33 3.87 6.44 13.0 32.0 64.7 78.5 100 














a 1.21| 288 | 5.47| 9.40 16.84 24.63 | 26.26  — 

Increase of weight = 49g | 3.00| 4.80 8.88 17.37 | 24.78) 26.35 27.99 | 

calc. from eq. (1) . - . ¢ “ 7 st é | 
Difference +-0.13 —0.12 1.0.67 | +0.52 | —0.68 | —0.15 0.09 _ 


In this table the volume concentration, C %, of COz was calculated 


from the partial pressure of COz saturated with water vapour by the follow- 
ing equation: 


C = Poor x 199 = PP —Pmo) ,. 199 
P Pp 


b 


where P is the total pressure; p the partial pressure of moist CO2; and 
Pco, and Pro the partial pressure of COz and H:0 respectively. 


In the previous paper” on the absorption of moisture by CaO the 
author has obtained the following equation: 


W. = Wi,~(1—e~*""") 


(1) This Bulletin, 6 (1931), 294. 
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where W; is the increase of weight in per cent in the time ¢t, Wi,. is 
lim W:, « is the velocity constant of absorption of moisture, and h is 


t-+co 


vapour pressure. 
From the analogy of the character of reaction, a similar relation has 
been assumed for the absorption of CO2 


ae i’ - kc ciccchansxtuceaseeesuas (2) 


where C denotes the concentration of COz in the moist air. The value of 
W.. cannot be calculated directly from the chemical equation: Ca(OH)2+ 
CO2=CaCO;+H:20, because water is adsorbed and expelled during the ex- 
periment. As the materials were always saturated with moisture, the value 
of W;, however, may be regarded as a measure of COz absorbed, since the 
water will evaporate by local heating, and the product will be CaCO; keep- 
ing a quantity of H2O and CO: corresponding to the adsorption equilibrium, 
the total increase of weight being thus proportional to the CO2 combined. 
Putting W..=30.0 by inspection, we have from the experimental data the 
following equation : 


We ON)... hac vewiccasinnseesss (3) 


The value of W; calculated from this equation, shown in Table 2 and Fig. 1, 
agrees fairly well with that‘of observed. Hence the following differential 
form will also be true: 

dw, 


aT cdieeecckeserennentexes (4) 
dt 





0 
0 20 40 60 80 %C 


Fig. 1. 
Relation btw. concn. of CO2 and absorption of CO¢ in 2 hrs. 
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3. Absorption of Dry CO2 by Ca(OH), and its Velocity. 132.14 Gr. of 
Ca(OH)2, prepared from 100 gr. of CaO and equivalent water, were placed 
in a desiccator with CaCle. It was evacuated and COz2 (dried by conc. H2S0,) 
was introduced into it. The increase of weight was measured from time to 
time. The results are given in Table 3 and Fig. 2. 


Table 3. 





Days | 1 2 4 6 8 lL 14 2 389 60 124 221 301) 








ts pers pe 
weight 9. [21-80 35.82 42.18 40.38 38.81 37.16 36.16 35.96 35.82 35.64 35.63 35.49 35.39) 





Increase of weight % 





Time in days. 
Fig. 2. 
Absorption of CO2 by dry Ca (OH). 


When dry Ca(OH): reacts with COz 
to form CaCOz, setting equivalent 
molecules of water free, the water will 

be kept by the surrounding lime fora 
ge w. (1-<**) time and then given off. The curve 
of indicating the change of weight 
with time will therefore have a point 
of maximum and inflexion. Its char- 
—m=fL wo" e”) acter will be shown in Fig. 3, curve 
g. This curve is obtained as the sum 
of two curves W and m, where 
W shows the weight of COz2 absorbed 
and m that of water remaining. 


——> Increase of weight 
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The velocity of absorption of COz by Ca(OH)s is, from the former ex- 
periment, given by the equation 


tt AM i iccchata cated (4) 
dt 
or ee MR wD. sccututanimnenerwsaduiics (5) 


where W.. is, from the equation Ca(OH)z2+CO2z=CaCO;+H20, equal to 
35.1%. The velocity of liberation of water is theoretically 


dw; dW; — 
== a - — -= Py W. a ee ee ee ee 
dt 2 dt ) = ArWae ©) 


where y=18.02/25.98 and therefore yW..=24.3%. The velocity of evapo- 
ration of water will be given by the equation 


dm: dW: 
—— = km:— 9 
mi— ¥ : 


= km—ByWoe 2.2.2.5. (7) 


where m: is the amount of water held by the material at time ¢. By inte- 
grating the equation (7) m: may be calculated. 


= ee jkdt [ { eStat (8yW..e **) dt +const. | 


fe =, ~ —f —kt 
= Moe + k—p W..|¢ —e | eine aweie (8) 


where m, means m at t=0. The total increase of weight after the time 
t is therefore 


= W; +m: 


| 


= Wat (yWa” a W..)e* —(yW. cog me 9) 


~ B _ or 1\,—$t __ —kt ! 
351+ (24.8% 35.1 )e (24.3," moje* .,. (9) 


If m=0, then g = g:’ 


g! = 35.1 +(24.3, 8, —35.1)e* —24.3 ar ll ae eeanle (9) 
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The character of the curve for equation (9) agrees with that of experimen- 
tally obtained. The equation (9) may be applied to any reactions of this 
sort. 

These experiments were carried out in the research laboratory of the 
Electrochemical Manufacturing Co. Ltd., Tokyo, before April 6th, 1930 and 
reported to the board of directors of the Co. on that day. Grateful 
acknowledgment is made to Dr. M. Katayama, Prof. of the Tokyo Imperial 
University, for giving valuable suggestions, and to Mr. K. Hibi, Director 
of the Co., who gave the author the opportunity of the accomplishment of 
this work and allowed him to publish this report. Mr. I. Kobayashi 
assisted the author in this experiments. 


Summary. 


(1) It was determened experimentally that the velocity of absorption 
of COz by Ca(OH), is proportional to the concentration of COz (or partial 
pressure of COz) in the air, and to the absorbing capacity of the substance: 
d W, aed BC(W. — Wi) 

dt 

(2) For the change of weight due to the absorption of dry COz2 by dry 

Ca(QH)z the following equation was proposed 


go = W.+ (£57 = W..)e ie ial —m,)e kt 


and was also experimentally discussed. 


Research Laboratory of the Electrochemical 
Manufacturing Co. Ltd., Tokyo. 
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ON THE DIBASIC ACIDS IN JAPAN WAX. 
By Mitsumaru TSUJIMOTO. 
Received October 3rd, 1931. Published December 28th, 1931. 


Japan wax is obtained in Japan exclusively from the berries (mesocarps) 
of ‘*‘ Hazé-noki,”’ Rhus succedanea L. (Anacardiaceae). The statement often 
mentioned in foreign books that the wax is prepared from many species of 
the genus Rhus is erroneous. Rhus succedanea grows chiefly in the south- 
western parts of the country, and so the wax industry is conducted in 
Kiushiu and Shikoku. Formerly in more northern parts of the country, 
**Urushi’’ wax was prepared from the berries of Rhus vernicifera L., but 
this industry has now nearly ceased to exist. The production of Japan wax 
has appreciably diminished than in former times; nevertheless it is one of 
the most important fats produced in Japan. 

It is strange to note that the chemical examination of Japan wax has 
but rarely been undertaken by native chemists; in 1911 the author™ reported 
experiments on the general properties and chemical composition of the wax, 
and recently I. Sakuma® made an extensive investigation on the colouring 
matter and the bleaching of the wax. 


The discovery of a dibasic acid in Japan wax is due to L. E. Eberhardt, 
who observed the occurrence of an acid (m.p. 117.5°C.) belonging to the 
oxalic acid series and assigned to it the chemical formula CysHg6(CO2H)2. In 
1900 A. C. Geitel and G. van der Want™ made a closer study on the chemical 
composition of Japan wax. On dissolving the insoluble fatty acids in 
alcohol, and fractionally precipitating the acids with magnesium acetate in 
hot solution, they obtained an acid of m.p. 117°C., palmitic acid, and impure 
oleic acid. They named the high melting acid ‘“‘ japanic acid’ (‘‘ Japan- 
sdure’’), and by the determination of neutralisation value, etc., confirmed 
its formula to be CaHw(COzH),. Further they described the separation of 
the acid as potassium salt, the formation of a ketone CaHmwCO (m.p. 
82-83°C.) from it on strong heating, and also the probable occurrence of the 
acid as a mixed glyceride with palmitic acid in the wax. R. Schaal® frac- 
tionated the Japan wax fatty acids under diminished pressure and obtained 





(1) J. Soc. Chem. Ind. Japan, 14 (1911), 321. 

(2) Scientific Report of Kiriu Higher Technical School, No. 3 (1929). 
(3) Diss. Strasburg, 1888. 

(4) Z. prakt. Chem., 61 (1900), 151. 

(5) Ber., 40 (1907), 4784. 








326 M. Tsujimoto. 


homologues of higher dibasic acids. The chief acid was Ci9Hss(COsH)2 
(m.p. 117-117.5°C.), but CisHse(CO2H)2 and Cy7Hs4(CO2H)2 were also present. 
E. Tassily™ also fractionated the methyl] esters of Japan wax fatty acids and 
identified japanic acid, C2,HwO,, and two lower homologues. 

The present author” isolated high melting acids (m.p. 119-121°C.), 
which he considered to consist mainly of japanic acid, and calculated its 
amount in the wax as ca. 224. It should be noted that the melting points of 
these acids were far higher than those mentioned in the literature, but at 
that time no further experiment was performed as to their chemical com- 
position. At present even in the standard works on fats and oils, the 
formula for so-called japanic acid is somewhat indefinite, either C2:;H4oO, or 
C22H.20, being adopted. 

The experiments described in this paper are the continuation of the 
investigation made some twenty years ago. The result shows that the 
main constituent of the dibasic acids in Japan wax is heneicosane dicar- 
boxylic acid. C2;H4yO4, accompanied probably by eicosane dicarboxylic acid, 
C2Hw0,. Further a peculiar property of Japan wax dibasic acids is 
mentioned. 


Experimental Part. 


(I) Matetial. The samples of Japan wax were procured from Higo 
Seir6 Kaisha (Higo Wax Manufacturing Company) of Kumamoto, Kiushiu. 
Nine samples of raw or fresh wax (Ki-ré) and one sample of bleached wax 
(Sarashi-r6) were used. Among others the following three samples were 
chiefly used. 

(1) No.1. New berry wax; pale brownish yellow colour. 

(2) No.2. Old berry wax; colour nearly the same as No. 1. 

(8) No.3. New berry wax; brownish yellow colour. 


(1) Bull. Soc. Chim., Bd. 9-10 (1911), 608. 

(2) Loe. cit. 

(3) After the present paper (in Japanese) had been published in the Report of Tokyo 
Imperial Industrial Laboratory, Vol. 25, No. 4 (1930), I have noticed the investigation of 
B. Flaschentrager and F. Hall (Chem. Zentr., 1930, Bd. II, 2761). The result obtained 
by them agrees in many respects with that of my experiments. 


(4) ‘‘Ki-r6’”’ is the name given to an unbleached, raw or fresh Japan wax. When the 
berries of Rhus succedanea are stored, the colouring matter in them become gradually 
insoluble in the wax in the preparation. The wax obtained from new or fresh berries 
has usually a dark brown colour, and is called ‘‘ Shinmi-ré”’ (new berry wax). The wax 
from the berries stored beyond the next rainy season in this country (June to July) is 
called ‘‘Komi-ré6”’ (old berry wax), and has a far lighter colour. Notwithstanding 
many disadvantages, it is customary for the wax manufacturers to keep the 
berries until they become ‘‘ Komi”’ (old berry). Sometimes they are stored for several 


years. Then they are called ««6-komi” (literally ‘‘great’’ old berry, “6” ig 


used here in the sense of ‘‘very’’); the wax from them, ‘‘O-komi-ré”’, has the 
lightest brownish or greenish yellow colour. 


$< 
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Characteristics, etc. of the Waxes. 


No. 1. No. 2. No. 3. 
ai” 0.8626 0.8627 0.8620 
M.p. 52-52.5° 49.5-50° 50-50.5° 
Acid value 4.5 7.8 3.1 
Saponif. value 205.7 207.5 206.7 
Iodine value (Wijs) 18.8 17.5 20.2 
Hehner value 94.56 94.64 95.14 
Unsaponif. matter 0.60% 0.60% 0.51% 


The fatty acids gave the following numbers: 


No. 1. No. 2. No. 3. 
M.p. 59-59.5° 60.5-61.5° 60-61° 
Neutralisation value 213.2 212.3 210.5 
Iodine value (Wijs) 19.5 17.8 19.9 


The comparatively high iodine values are due to the admixture of the 
kernel oil of the berry. The iodine values of many samples of the wax 
formerly determined by me ranged 10.3-13.8. The characteristics of Japan 
wax cited in foreign books are usually those which were determined on the 
bleached wax. As by bleaching process (insolation), fairly profound 
changes of the composition occur, the numbers are quite different from 
that of the genuine wax. 

(Il) Approximate Quantitative Determination of the Dibasic Acids. 
As japanic acid appears not the only dibasic acid in Japan wax, this name 
is reserved for a while, and ‘‘ Japan wax dibasic acids”’ or simply. “‘ dibasic 
acids”’ are used in the following description. To investigate the dibasic 
acids, it is firstly most important to know at least their rough amount in 
the wax. By utilizing their difficult solubility in petroleum ether, the 
author has devised the following procedure as the approximate determina- 
tion of these acids. 

About lgr. of the Japan wax fatty acids is accurately weighed ina 
small flask, and 50c.c. of petroleum ether (b.p. until 80°C.) are added. 
The flask is repeatedly immersed in a water bath at 40-50°C., and shaken 
to dissolve the acids.” It is necessary to cork the flask to prevent the 
evaporation of petroleum ether, but the cork is often removed to diminish 
the internal pressure caused by the expansion of the solvent. The main 
part of the dibasic acids remains as a fine precipitate. The flask is next 
cooled in ice-water for 30 minutes, thereby the dibasic acids are completely 


(1) In this report, the ‘‘ fatty acids’’ mean the insoluble acids plus unsaponifiable matter. 

(2) This warming is necessary in order to disintegrate the mass of the acids. By direct 
treatment of the acids with petroleum ether at 25°C, there is some possibility that a 
part of palmitic acid remains enveloped in the dibasic acids. 








328 M. Tsujimoto. 


precipitated together with palmitic acid. Then the flask is put in water at 
25°C. for one hour with frequent shaking. By this treatment the pre- 
cipitated palmitic acid is again dissolved in petroleum ether leaving the 
dibasic acids. The solution is filtered through a tared Gooch crucible” 
kept at about 25°C. by suitable arrangement. As the dibasic acids are 
deposited as a colloid-like state, the filtration presents some difficulty. The 
liquid is finally sucked with a pump, and the precipitate washed three times 
with each 5c.c. of petroleum ether. The crucible with the precipitate is 
dried at 90°C. to a constant weight. As it is difficult to transfer all the 
precipitate to the crucible, a portion of the dibasic acids adhering to the 
flask is weighed separately, and its weight is added to that of the main part. 

The dibasic acids are slightly soluble in petroleum ether; for example, 
100 c.c. of the latter (b.p. until 80°C., d? 0.6493) dissolve 0.0045 gr. of the 
acids (refined specimen) at 25°C. As the above method has been proposed 
only as a rough determination, no correction is made for the loss caused by 
this solubility. Moreover, oxidised acids, colouring matter, and other 
impurities are also precipitated, and these would make the apparent weight 
of the dibasic acids rather higher. 

By the above mentioned concentration, palmitic acid does not deposit 
even when the solution is cooled to 20°C., so that more or less lowering of 
temperature on filtering is of no consequence. Also sterol in the un- 
saponifiable matter does not precipitate by this treatment. 

In a test made with a sample of a known composition (palmitic acid 
80%, oleic acid 15%, dibasic acids 520), it was found that the dibasic acids 
can be determined with an error of about within 0.594. So the method is 
sufficient satisfactory for the approximate determination of these acids. 
The results obtained on a number of commercial unbleached Japan wax are 


given in the following table: 
Percentage of the 


Waxes Data dibasic acids in 

the fatty acids 
No. 1 | 5.6 
a's Samples mentioned above 5.9 
0 @ | 5.2 
oe Kumamoto; old berry 6.0 
oe Saga; new berry 6.1 
» © Nagasaki; new berry 5.7 
ee Kagoshima ; “O-komi” 5.9 
, & Pe ; new berry 5.3 


N.B. No.7 is free from the kernel oil; it had the iodine value 12.5. 








(1) As filtering materials, a filter paper (its circumferential part pasted to the bottom of 
the crucible) and asbestos fibres are used. 
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Besides the above samples, a wax from the Prefecture of Kumamoto 
was found to contain 7.2% of the dibasic acids. This rather abnormally 
high content is probably due to the difference of the variety of ‘‘ Haze”’ 
tree. To determine the acid content in genuine wax prepared in the 
laboratory, a sample of the wax was extracted from the mesocarps of new 
berries from a district of Kiushu, and it was treated with animal charcoal. 
The fatty acids from this wax contained 5.2% of the dibasic acids. The 
latter melted at 107-108°C and had the neutralisation value 288. So they 
consisted of nearly pure compounds. 


By calculating from the Hehner value (mean 94.7), the contents of the 
dibasic acids in the Japan waxes mentioned in the above table amount to 
4.9-5.89%. It will be seen from the above that the amount of the dibasic 
acids in Japan wax is far greater than hitherto considered. 


In the case of bleached wax, the method could not be recommended, 
since oxidised acids produced by insolation are difficultly soluble in petroleum 
ether. An experiment gave the number 6.5%, which appeared to be some- 
what high. 


(II) Preparative Separation of the Dibasic Acids. Geitel and van der 
Want separated so-called japanic acid by utilizing the difficult solubility of 
its potassium salt in alcohol.” The mixed fatty acids are dissolved in 9524 
aleohol so as to form 10% solution, and the solution is neutralised with 
alcoholic potash. The potassium salt of the dibasic acid separates as a 
precipitate. The solution is then filtered in a hot funnel at 50-62°C., there- 
by the salt remains on the filter. This is finally decomposed with hydro- 
chloric acid. The drawbacks of this method are the necessity of neutralis- 
ing the total acids, the difficulty of filtration owing to colloidal nature of 
the precipitate, and bad yield. 


It is clear that the dibasic acids may be prepared in some quantity by 
applying the procedure of the above mentioned determination on a large 
seale, but obviously a very large amount of the solvent is required. How- 
ever, on extracting the mixed fatty acids in a Soxhlet apparatus, about 2% 
of the crude dibasic acids may be obtained as an insoluble residue. After 
several trials, the author recommends the following methods as preparative 
separation in laboratory. 


(1) Separation by means of Lead Salt. The dibasic acids are fraction- 
ally precipitated with a calculated quantity of lead acetate in alcoholic 
solution. 


(1) The salt is readily soluble in dilute alcohol. 
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10 Gr. of Japan wax fatty acids are dissolved in 100 c.c. of 95% aleohol. 
To this solution is added a solution of 0.6 gr. of lead acetate (which cor- 
responds to about 7% of the dibasic acids) in 10 c.c. of the aleohol. The 
mixed solution is warmed on a water bath to above 70°C., and then rapidly 
filtered on a hot funnel kept a little above 70°C. The precipitate on the 
filter is returned to the flask, and treated with 20 c.c. of the alcohol and 
filtered as before. The precipitate is then decomposed with hydrochloric 
acid. 

The lead salt of palmitic acid is soluble in 95% alcohol at 70°C. The 
repetition of the treatment is to remove ralmitic acid as completely as pos- 
sible from the precipitate. By this method, about 5.622 of the crude 
dibasic acids were obtained from the fatty acids of the wax No. 3. 

Instead of lead, the salts of alkaline earths, magnesium, or zinc may 
probably be used. Indeed, Geitel and van der Want used magnesium 
acetate for such purpose. Sodium salt was found to be unsuitable. 


(2) Separation by means of the Distillation of Esters. This is of course 
not novel, since it was already applied by Tassily, but the method is most 
convenient for preparative purpose. The following is an example. 

1000 Gr. of Japan wax are heated with 1000 gr. of methanol containing 
2.5% of HCl on a water bath for 12 hours to ensure methanolysis. The 
methy] esters are liquid in summer season. They are distilled under 5-5.5 
mm. pressure until the temperature rises to 185°C. (bath temperature 
230°C.) thereby more than 80% of the esters distil over. The residue 
which contains the dibasic acids is saponified, and the free acids are 
extracted in a Soxhlet apparatus with petroleum ether to dissolve admixed 
palmitic and oleic acids. An experiment by this method gave 50 gr. or 5% 
of the crude dibasic acids. 

The reason why the distillation is interrupted at 185°C., is to avoid the 
decomposition of the acids by overheating. But in the experiments made 
recently, the distillation was carried out up to 205°C/3 mm. without ap- 
parent defect, so that more than 9024 of the distillate were obtained. It 
seems also that the distillation may even be continued up to higher tem- 
peratures, until the esters of the dibasic acids themselves distil over. In 
this case, however, there is much fear for decomposition, especially if the 
esterification is not complete, and the quantity is large. 

Technically it will be most simple to distil the free fatty acids, but 
particular care should be necessary, since if we accept the statement of 
Geitel and van der Want, japanic acid forms a ketone at high temperature. 


(LV) On the Chemical Composition of the Dibasic Acids. It has been 
described in the introductory remark that the chemical formula of japanic 
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acid is somewhat indefinite, either C2: or C2. formula being adopted. It is 
rather doubtful too whether there occur in reality the homologues of japanic 
acid in Japan wax. It should also be noted that the samples of the foreign 
investigators appear to have been bleached waxes, which certainly must 
have contained many impurities formed by bleaching process. In view to 
obtain the dibasic acids more easily free from such impurities, the author 
made experiments on raw or fresh, unbleached waxes. 


(1) Experiment 1. Firstly the dibasic acids were separated according 
to the classic method of Geitel and van dar Want. The temperature of 
filtration was kept at 55-60°C. It has been observed that the potassium 


‘galt remains dissolved at above 70°C., but the solution’ becomes turbid at 


65°C., and an appreciable precipitate is formed already at 62°C. 

About 3 gr. of the salt were obtained from 100 gr. of the fatty acids of 
the wax No.1. After thrice recrystallisation, the free acids melted at 119- 
120°C., and had the neutralisation value 294.4 

Anal. Subst. = 0.1082; CO, = 0.2854; H.O=0.1126gr. Found: C = 71.94; H= 

11.65%. 

The substance corresponded, therefore, mainly to C2s3HwO,. The m.p. 
was higher than those recorded in the literature. 

The calculated numbers for the high members of the dibasic acids are 
as follows: 


Mol. wt. Neutr. value C(%) H (%) 
CoH yO, 356.3 315.0 70.72 11.31 
CoH 9, 370.3 308.0 71.29 11.43 
Co,H,,0, 384.3 292.0 71.81 11.54 


(2) Experiment 2. 50 Gr. of the fatty acids of the wax No.3 were 
treated by the lead salt separation method, and the crude dibasic acids were 
decolourised with animal charcoal; yield, 2.8 gr. After thrice recrystallisa- 
tion from alcohol, the purified acids (0.8 gr.) formed white crystals of m.p. 
119-120°C. and the neutralisation value 288.9. 

Anal. Subst. = 0.1287; CO, = 0.3385; H,O = 0.1350gr. Found: C = 71.73; H= 
11.74%. 

The mother liquor gave on concentration 0.9 gr. of white crystals ; on 
washing with petroleum ether, they melted at 111-112°C., and had the 
neutralisation value 287.3. 


(1) In alcoholic solution, the potassium salt separates out as a precipitate. In order to 
observe the accurate end of titration, the addition of a little water to dissolve it is 
necessary. 
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So the result of the analysis and the neutralisation values of these 
substances corresponded to those of CosH440, . 


(3) Experiment 3. By the procedure mentioned in the ester distillation 
method (until 185°C./5 mm.), 48.5 gr. of the crude product were obtained 
from 1000 gr. of the methy] esters of the wax No. 2. This was dissolved in 
95% alcohol, treated with animal charcoal, and then recrystallised from 
about 10 times of its quantity of the alcohol. The crystals were separated 
into two parts: first crop (A), 20 gr., m.p. 114-115°C., and second crop (B), 
19 gr., m.p.112-113°C. The crystals were very fine, and presented dif- 
ficulty on filtration. 


(a) Purification by Recrystallisation. The crude acids were 
purified by repeated recrystallisation from 95% alcohol. 


(1) Purification of the Part A. At the beginning, 5gr. of it were 
crystallised from 100 c.c. of the aleohol. The recrystallisation was repeated 
six times, using about 20 times of alcohol for each crop of crystals. 


M.p. Neutr. value) 
Ist recrystallisation 115° — 
2nd io 116-120° 285 
3rd a 117-120° 286 
4th = 121-122° 290 
5th ‘i 122-123° 288 
6th ia 122-123.5° 289 


After 3rd recrystallisation, the m.p. became almost constant. The 
neutralisation values corresponded nearly to that (292.0) of CosH4sO.. 


Two analyses of the last (6th) substance were as follows : 
Subst. = 0.1190 and 0.1282; CO, = 0.3107 and 0.3343; HO = 0.1226 and 0.1353 gr. 
Found: C = 71.21 and 71.12; H = 11.53 and 11.81%. 


The results corresponded to Co2H 0, rather than C23sHwO.. But judg- 
ing from the neutralisation value, the substance has been considered to 
consist mainly of CosHy4Ox. . 


(2) Purification of the Part B. 5 Gr. of the substance were recrystal- 
lised. 


M.p. Neutr. value 
2nd recrystallisation 109-109.5° 288 
3rd “sg 112-113.5° 290 





(1) The saponification values of these compounds were usually a little higher, but as errors 
may more likely be involved in the determination, they were omitted in this paper. 
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Although the m.p. was low, the neutralisation value corresponded to 
Co3H 440, « 

(b) Purification by the Fractional] Distillation of the Esters. 
As by the purification by crystallisation, there may be some doubt as to 
the individuality of the compound obtained, the substance was esterified 
and fractionally distilled under diminished pressure. The methyl ester was 
prepared by heating the substance with an excess of methanol (containing 
HCl) for 3 hours on a water bath. 

(1) Distillation of the Ester of the Part A. 14.8 Gr. were distilled 
under 5 mm. pressure. The distillation began at the temperature 270°C. 
(last temp. 280°C.). The distillates formed white crystalline solids. 


Dist. temp. Yield (gr.) M.p. Solidif. p. Saponif. value 
(1) Until 240° 2.9 54.5° — 269 
(2) 240~-250° y 56.3° ca. 55° 274 
(3) 250-252° 2.1 57.8° ca. 56.5° 275 
(4) Residue 1.7 — 


The following are the calculated numbers for the methy] esters of Ca 
to C2; dibasic acids : 


Mol. wt. Saponif. value 
C2, H350,(CHs)2 384.3 292.0 
CooH »O,(CHs)e 398.4 281.7 
Co3H ~04(CHs)e 412.4 272.1 


The saponification values of the above distillates nearly corresponded to 


that of the Ce; formula. 
The free acids obtained by saponification from the distillates had the 


following properties : 


M.p. Solidif. p. Neutr. value 


Acid from fraction (1) 
(Once recrystallisa- 113-114° -- 293 
tion from alcohol) 


Acid from fraction (2) Mainly liquid at Became turbid at 


(Twice recrystallisa- 118°; became 111°; solidified 292 
tions from alcohol) clear at 121° at 109° 

Acid from fraction (3) —_ o- Deposited crystals 
(Twice recrystallisa- — oS aa at 116°; solidifi- 293 


tions from alcohol) ed at 114° 


Anal. of the acid from (3). Subst. = 0.1348; CO. = 0.3516; H,O = 0.1390 gr. 
Found: C = 71.14; H = 11.54%. 


All the neutralisation values corresponded to that of C2:H«4O,, but the 
result of the analysis approached rather to the Cz formula. 
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The free acid from the distillation residue melted after purification at 
117°C., and showed the neutralisation value 265. This value nearly corre- 
sponded to that (263.2) of CosHs0,. The actual occurrence of such an acid 
in the wax is, however, very doubtful. 

(2) Distillation of the Ester of the Part B. 14.5Gr. were used. The 
distillation (5mm.) began at the bath temperature 258°C. (last temp. 280°C). 
The distillates were white crystals. 


Dist. temp. Yield (gr.) M.p. Solidif. p. Saponif. value 
(1) Until 240° 5.8 50.8° — 260 
(2) 240-251° 7.1 56” ca, 54° 275 
(3) Residue 1.0 — —_ 


The fraction (1) seemed fairly impure. The saponification value of (2) 
nearly corresponded to that of the Cz; formula. 


The properties of the free acids obtained from the distillates were 
examined : 


M.p. Solidif. p. Neutr. value 
Acid from fraction (1) ) 
(Once recrystallisation) 115-116 = a6 
Acid from fraction (2) FO 
(Once recrystallisation) 118-118.6 7 = 
Acid from fraction (2) 114° ca. 104° 303 


(Twice recrystallisations) 


The acid from the fraction (1) had unexpectedly higher m.p. than that 
from (2). In spite of the fact that the saponification value of the latter 
fraction nearly corresponded to that of the C2; formula, the neutralisation 
value of its free acid coincided to that (303.0) of Coo2H420,. 

From the results of the distillation, it appeared that the acids in the 
part A mainly consisted of C2;H.,0,, while those of the part B contained an 
appreciable amount of CoeH20,. 

Summarising the results of the experiments made on the composition 
of the dibasic acids, it has been concluded that the main constituent of the 
acids is Co3H4O,, but probably the acid C22H4eO, also occurs in a fair propor- 
tion. It seems rather doubtful that the acids of consecutive even and odd 
numbers occur in one and same wax, but actually no proof has been obtained 
to negate it, inasmuch as there is no sufficient ground to consider Co2HeO, 
to be a mixture of C2:HwO,4 and C23:H44O0,, and still less to presume CosHO, 
as a mixture of Co2HweO, and CaHse0, 


(1) The dibasic acids in Urushi wax appears to consist chiefly of C..H,.0,. 
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(V) Ona Peculiar Property of the Dibasic Acids. In the experiments 
on the dibasic acids, the author has observed the following interesting 
facts : 


1. The structure of the solidified Japan wax fatty acids is very fine, 
and in spite of its brittleness, it has still a peculiar coherency and tenacity. 


2. When freed from the dibasic acids, the crystals of the fatty acids 
became large and coarse, and nearly lose the coherency and tenacity. 


As a matter of fact, by adding the dibasic acids, the fatty acids regained 
their original properties. To observe more closely the effect of the addition 
on various fatty and waxy substances, the following experiments were per- 
formed. The dibasic acids used in these experiments melted at 118-119°C., 
and had the neutralisation value 294; the structure was observed after well 
cooling of the melted mass. 


(1) Japan wax fatty acids freed from the dibasic acids. M.p. 56.5°C.; markedly 
crystalline with various speckled structure. To them were added : 

(a) Dibasic acids 1%. Crystals became finer, but still pretty crystalline. 

(b) Dibasic acids 2%. Very fine crystals; became totally homogeneous mass; white- 
ness (opacity) increased. M.p. 60°C.@) 

(2) Palmitic acid. Coarse, needle-shaped crystalline mass (markedly on the surface). 

(a) 2% Addition. Crystals became fairly fine, and the surface smoother. 

(b) 5% Addition. Became fine, white crystalline mass with a waxy smooth surface. 

(3) Stearic acid. The effect was greater than in the case of palmitic acid. 

(4) Hardened herring oil. M.p. 54°C.; this had originally a fine crystalline structure, 
but the 2% addition made its appearance more waxy. 

(5) Fatty acids from the hardened herring oil. M.p. 53.-54°C.; also a fine crystalline 
structure; the 2% addition had a pretty effect, but not so marked. 

(6) Hardened sperm oil. M.p. 54°C.; coarse, beautiful crystalline structure. 

(a) 1% Addition. Crystals became finer, and opacity increased. 

(b) 2 %Addition. A marked effect; became a very fine crystalline, homogeneous 
structure. 

(7) Paraffin. M.p. 52°C.; had a marked transparency. 

(a) 2% Addition. Crystals became finer, and opacity (whiteness) increased. 

(b) 4% Addition. Became a markedly white, homogeneous structure. 


Thus it may be observed that the dibasic acids have a peculiar property 
to make the crystalline structure of fatty and waxy substances finer and 
more opaque ; they also give to the substances a certain coherency and tena- 
city. Nor do the added acids separate out from the mass on long keeping. 





(1) The addition did not materially raised the m.p.; so in the following the description of 
the m.p. of the mixtures is omitted. 
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In the literature on fats, we find as the “‘ hardening agent’”’ (‘‘ Hart- 
ungsmittel’’) for candle materials, such substances as sebacic acid and 
stearic anilide. According to the author’s experiments, they are, however, 
far less effective than the Japan wax dibasic acids. The same is true for 
dihydroxystearic acid. 

A characteristic property of Japan wax that it may be kneaded between 
fingers to a ‘‘ mochi’’ (rice-cake)-like mass without adhering, is due to the 
presence of the dibasic acids as glycerides. Many other solid fats, for 
instance, hardened fish oils, are usually brittle, and at the same time become 
very sticky and unpleasantly adhere to the fingers. 

The fact that the glycerides of the dibasic acids are really responsible 
for this property, has been experimentally proved by the author by synthe- 
sizing two fats from the following fatty acid compositions by heating them 
with the equivalent parts of glycerol in sealed tubes to 200—205°C. : 


(a) Palmitic acid 80; oleic acid 15 parts. 
(b) ‘ 1» 99 3 99g G Gibasic acids 5 parts. 


Whereas the fat from (a) was brittle and sticky, that from (b) exhibited 
nearly the same property as Japan wax.” 

This peculiar property could not be considered to be specific to the 
dibasic acids of Japan wax, but probably it will be common to the higher 
members of the dibasic acids. Possibly this property of the dibasic acids 
may find applications in industry. 


Summary. 


(1) As ‘‘japanic acid’’ of Geitel and van der Want appears not the 
only dibasic acid in Japan wax, this name has been reserved for a while, 
and the expression of the ‘‘ Japan wax dibasic acids’’ or more simply the 
“‘ dibasic acids”’ is used in this paper. 

(2) Basing on the difficult solubility of the dibasic acids in petroleum 
ether, a method for their approximate determination has been proposed. 
The results obtained by this method show that the content of the dibasic 
acids in the mixed fatty acids of Japan wax amounts to 5-6%, which are far 
greater than hitherto considered. 

(3) For the preparative separation of the dibasic acids, the lead salt 
precipitation method and the ester distillation method have been found to 
be most convenient. 








(1) The synthesized fats appeared to consist chiefly of diglycerides, but the effect of the 
dibasic acids as glycerides may be recognized as proved. 
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(4) As the results of the chemical examination of the dibasic acids, it 
has been concluded that the main constituent of the acids is heneicosane 
dicarboxylic acid, C:3H4,0,, but probably eicosane dicarboxylic acid, CosH420u, 
also occurs in a fair proportion. 


(5) Asa peculiar property of the dibasic acids, it has been found that 
the comparatively small addition of them to fatty and waxy substances 
makes the crystalline structure of these substances finer and more opaque, 
and at the same time gives certain coherency and tenacity. 


(6) The characteristic property of Japan wax that it may be kneaded 
to a ‘‘mochi’’-like mass without adhering to the fingers is due to the pre- 
sence of the glycerides of the dibasic acids. 


In conclusion the author desires to thank Mr. Takenori Honda, Director 
of the Higo Wax Manufacturing Company, who kindly supplied him the 
samples of Japan wax used in the present investigation. 


Tokyo Imperial Industrial Laboratory, 
Yoyohata, Tokyo-Fu. 


ON THE DIBASIC ACIDS IN A FEW SUMACH 
BERRY WAXES. 


By Mitsumaru TSUJIMOTO. 
Received October 3rd, 1931. Published December 28th, 1931. 


In the preceding paper the author has reported the investigation made 
on the dibasic acids in Japan wax (‘‘ hazé’”’ wax), which is obtained in this 
country exclusively from the berries of ‘‘hazé”’ tree, Rhus succedanea L. 
It will be then natural to consider that whether such acids also occur in the 
waxes from other species of sumach trees. This is important and interest- 
ing from genetic relation of the trees, when we recollect that same or 
similar substances are often produced in plants of closely allied species. To 
contribute to this question, the author has tried experiments on the waxes 
(correctly, fats) from the berries of the following four species of Japanese 
sumach trees : 


(1) Besides the waxes from these four species, the fat from the berries of ‘‘nurudé’’, 
Rhus semialata Murr., var. Osbeckii DC. was also examined. The fat formed a 
brownish: green-yellow semi-solid of the saponification value 199.2 and the iodine 
value 83.3. The petroleum ether insoluble substance in the fatty acids from this fat 
amounted only to 0.77%, and the dibasic acids appeared not to be present. 
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1. ‘‘ Urushi-noki,’’ Rhus vernicifera DC. This tree gives the well- 
known Japanese lacquer (‘‘urushi”’) as the excretion of the stem. It 
chiefly grows in the northern part of Japan, and reaches to a height of 
20-30 feet. 


2. ‘‘ Yama-hazé,’’ Rhus sylvestris S. et Z. This is widely distributed 
in the country, and reaches to a height of more than 20 feet. Its berries 
resemble those of hazé, but are smaller. 


3. ‘*‘ Yama-urushi,’”’ Rhus trichocarpa Mig. Chiefly grows in moun- 
tainous districts, and reaches to about 10 feet. The berries are far smaller 
than hazé berries. 


4. ‘* Tsuta-urushi,’’ Rhus toxicodendron L., var. vulgaris Pursh., f. 
radicans Engl. This is a viny shrub growing in mountainous districts. The 
size of the berries resembles to that of yama-urushi. 


Excepting yama-urushi wax, the occurrence of the dibasic acids has 
been confirmed in the other three waxes. 


Experimental Part. 


(I) The Sumach Berries. The berries of urushi and yama-urushi were 
procured from Fukushima Prefecture, while those of yama-hazé and tsuta- 
urushi were purchased from Kiso district of Nagano Prefecture. Although 
different in sizes, the berries somewhat resembled each other and also to 
hazé berries, and formed fairly flat, irregular ellipsoidal shapes with more 
or less pointed ends. The sizes, weights and analyses, etc., of the berries 
are given in the following table : 


Urushi Yama-hazé Yama-urushi Tsuta-uruchi 


Length 7-9 7-8 3-5 3.5-4 
Size (mm.) Width 6-9 7-8 46 4-5 
Thickness ca. 4 3-3.5 ca. 3 2.5-3 
Weight of 100 berries (gr.) 7.76 7.34 2.17 2.61 
Ratio of shell) to kernel 46.2: 53.8 27.6 : 72.5 20.5 : 79.5 39.5 : 60.5 
Analysis of shell 
Moisture (% 5.22 4.06 5.52 3.18 
Crude wax (%) 41.23 47.61 51.54 67.81 


(1) Shell means exocarp and mesocarp. But in the cases of the berries of yama-hazé, 
yama-urushi and tsuta-urushi, the exocarps were for the most part lost during trans- 
portation. 
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(II) Properties of the Sumach Berry Waxes. The waxes were obtained 
by extracting the shells (chiefly mesocarps) of the berries with ether. 


Properties of the Waxes. 


Urushi Yama-hazé Yama-urushi Tsuta-urushi 

Colour ——— —— Derk ierewn —— 
a 0.8653 0.8679 0.8639 0.8895 
M.p. 52.5-53° 51-52° 49-50° 38-39° 
Acid value 3.1 6.2 14.1 — 
Saponif. value 209.5 202.9 205.2 208 (?) 
Iodine value (Wijs) 12.9 24.9 16.8 82 (?) 
Unsaponif. matter (%) 0.62 -- 0.78 — 


Properties of the Fatty Acids.” 


Urushi Yama-hazé Yama-urushi Tsuta-urushi 


M.p. 62° 56-57° 54-55° ca. 51-52° 
Neutralisation value 212.9 214.1 212.6 212 (?) 
Iodine value (Wijs) 12.8 14.6 17.1 26 
Petroleum ether insolu- } 

ble substance (crude f 6.3 1.6 1.9 6.3 


dibasic acids) (%) 
The crude tsuta-urushi wax contained the Japanese lacquer in appre- 
ciable proportion, so that only ambiguous results were obtained in the 
determination of the characteristics. 


(III) Examination of the Occurrence of the Dibasic Acids. 


(1) Urushiwaz. By the lead salt precipitation method, 3.17 gr. of the 
crude dibasic acids (animal charcoal treated) were obtained from 50 gr. of 
the fatty acids. After fourth recrystallisation from 95% alcohol, the sub- 
stance (0.8 gr.) melted at 117-118°C., and had the neutralisation value 301.3. 


Anal. Subst. = 0.1148; CO,= 0.2980; H,O = 0.1175 gr. Found: C = 70.96; 
H = 11.45%. Calc. for CogH.0,: C = 71.29; H = 11.43%. 


The further recrystallisations gave the following results : 


._ =e Neutr, value 
5th recrystallisation 119-120° 300.4 
6th ‘is 120-121° 299.1 


So the substance appeared to consist chiefly of Co2H420, . 





(1) The fatty acids of yama-hazé and tsuta-urushi waxes were treated with animal char- 
coal before determination. 
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The mother liquors up to 4th recrystallisation were united, which on 
concentration gave 0.83 gr. of crystals of m.p. 116-117°C. and the neutra- 
lisation value 301.8. This neutralisation value also corresponded to that of 
the Cze formula. 

(2) Yama-haze wax. 50Gr. of the methyl esters of the fatty acids 
were distilled under 6mm. pressure until the temperature rose to 190°C. 
(bath temperature 225°C.), thereby 82.624 of the esters distilled over. The 
residue (6.4 gr.) was saponified, and the free acids (4.8 gr.) were dissolved 
in 250 c.c. of petroleum ether. After standing over-night the insoluble part 
(1.8 gr.) was dissolved in alcohol, treated with animal charcoal, and cry- 
stallised from alcohol. The refined substance (0.37 gr.) formed a grayish 
white powder of m.p. ca. 111°C. and the neutralisation value 280.6. After 
further decolourisation and recrystallisation, the substance (0.26 gr.) showed 
the m.p. 111-112°C. and the neutralisation value 290.1. The mixed test 
with the Japan wax dibasic acids (m.p. 123.5°C.) was 114-115°C. 

From the above results, it appears that the chief constituent of the 
dibasic acids in yama-hazé wax is Cos3H4O,. 

(3) Yama-urushi wax. 10Gr. of the fatty acids were treated with 
petroleum ether, and 0.2344 gr. of the insoluble substance was obtained. 
After decolourisation and recrystallisation it melted at 102°C., and had the 
neutralisation value 223.4. Although the want of the material prevented 
further investigation, the occurrence of a substance, which was difficultly 
soluble in petroleum ether and had the m.p. above 100°C., has been con- 
firmed. Whether this consisted of dibasic acids or not, was, however, 
undecided. 

(4) Tsuta-urushi wax. 100 Gr. of the methyl esters of the fatty acids” 
were distilled under 5mm. pressure in the like manner as in the case of 
yama-hazé wax until the temperature rose to 180°C. (bath temp. 225°C.). 
By this operation 6224 of the esters distilled over, and the residue (37 gr.) 
formed a brownish black, viscous liquid. The free acids obtained by 
saponification from the residue were dissolved in 500c.c. of petroleum 
ether, and standing overnight, the insoluble substance (7 gr.) was separated 
from almost black mother liquor. By crystallising this substance from 
100 ¢.c. of 9526 alcohol, about 1.6gr. of blackish brown crystals was 
obtained. These were treated with animal charcoal, and twice recry- 
stallised from alcohol. The final refined product (0.7 gr.) melted at 117- 
118°C., and had the neutralisation value 286.7; the mixed test with the 
dibasic acids of Japan wax: was 121-121.5°C. So the substance was con- 
firmed to be Co:H4sO.. 


(1) The distillate consisted chiefly of the methyl ester of myristic acid. 
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Summary. 


(1) The crude dibasic acids in urushi wax amounted to about 6.326 of 
the fatty acids. Their chief constituent appeared to be eicosane dicar- 
boxylie acid, Co2H420,. 

(2) Yama-hazé and tsuta-urushi waxes also contained the dibasic acids, 
which amounted respectively to about 1.6 and 6.3% of the fatty acids. They 
consisted mainly of heneicosane dicarboxylic acid, CosH4O,. 

(3) The fatty acids of yama-urushi wax gave a small amount of a sub- 
stance of m.p. 102°C. Whether this consisted of the dibasic acids or not, 
was, however, undecided. 


Tokyo Imperial Industrial Laboratory, 
Yoyohata, Tokyo-Fu. 


CORRECTIONS TO VOLUME 6. 


Page Line For Read 
41 Table 1, column 2 & 3 “Wood Root 
Al 6 alcoholic aqueous 
2 14 }+-24° +14° 
45 5 to present to be present 
45 15 ‘‘benihi”’ “* hinoki ”’ 
46 Table 3, column 2 50 12 
/ 49 11 acid melting acid semicarbazone melting 
V52 21 piperidin piperidin©) 
Jé2 foot-note (2) See the next paper on Storax 
Leaf Oil by the same authors. 
168 Fig. 1. Calcedony Chalcedony 
204 12 from bottom demothoxy demethoxy 
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